T he capacity for physiotherapy to improve the outcome after fracture of the distal radius is unproven. We carried out a randomised controlled trial on 96 patients, comparing conventional physiotherapy with a regime of home exercises. The function of the upper limb was assessed at the time of removal of the plaster cast and at three and six months after injury. Factors which may predict poor outcome in these patients were sought.
Fractures of the distal radius account for approximately 14% of all fractures and are seen most commonly in elderly women. Around 950 people per year sustain this injury in our catchment area, and it often results in permanent disability, particularly in the elderly. 1 Although physiotherapy is generally regarded as an important part of rehabilitation after fracture of the distal radius, there are few clinical data to support this view. 2 Patients are either referred routinely to physiotherapy departments, or if they have symptoms which may interfere with recovery. These patients may receive physiotherapy for extended periods of time.
Studies addressing the role of physiotherapy in patients with fractures of the distal radius have shown no functional benefit, although the trials were not randomised, 3 not blinded and had only a short period of follow-up. 4, 5 The motivation of the patient plays an important part in recovery of function. 1 The decision to refer a patient to physiotherapy after a fracture is not based on defined criteria, but on the subjective assessment by the orthopaedic surgeon. However, those who would most benefit from this form of therapy have not been identified.
We therefore carried out a randomised controlled trial on patients with fractures of the distal radius immobilised in a plaster cast. Our aim was to compare the functional outcome of patients who received physiotherapy with those receiving instruction in home exercises alone, and to identify early which parameters are indicative of poor functional outcome.
Patients and Methods
Between May 1997 and March 1998, 96 patients over the age of 55 years with radiological evidence of a fracture of the distal radius treated by variable periods of immobilisation in plaster were entered into the study. There were nine men and 87 women with a mean age of 72 years (55 to 90). Exclusion criteria included a mental test score of less than 8, 6 participation in another clinical trial, bilateral wrist fractures, previous fractures of the unaffected wrist, any surgical treatment to the wrist and clinical signs of reflex sympathetic dystrophy at the time of removal of the plaster cast.
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Of the 96 patients, 78 had sustained their fracture by a simple fall, 12 had fallen from a height, one had been involved in a road-traffic accident and five had suffered a direct blow to the wrist or hand. The most common type of fracture was A3.2 (36%) followed by C2.1 (18%). The types of fracture were equally distributed in both groups. Table I gives the details of the patients.
Patients were enrolled into the study on the day that their cast was removed. The rationale was explained in accordance with the principles laid down by our Ethics Committee and informed consent was obtained. Functional assessment was carried out at six weeks (or at cast removal), and at three and six months after the fracture.
Block randomisation was used to allocate patients to treatment groups using a personal computer program (Excel, release 2.2a; Microsoft Corporation, Redmond, Washington). The observer (AW) was blinded as to which treatment group each patient entered; this reduced observer bias at future assessments. The patients were allocated to two groups as follows: group 1 which consisted of 49 patients who were taught and given a standard sheet of home exercises by the physiotherapist in the fracture clinic and referred for a course of physiotherapy at their local health clinic or hospital; and group 2 which had 47 patients who were instructed in home exercises only. At enrolment, clinical details were obtained for each patient and radiological and functional assessments were carried out. The mean age was 72 years for group 1 and 74 years for group 2 Pain. This was evaluated subjectively using a 10 cm visual analogue scale (VAS). Patients were asked to mark on the scale the degree of pain felt at rest. Active range of movement (ROM). This was measured at the wrist and distal radio-ulnar joints using a standard fullcircle goniometer. [8] [9] [10] Intraobserver bias was minimised by careful technique and recordings made in triplicate. The mean of these measurements was noted at each assessment. The observer measured flexion and extension, pronation and supination and radial and ulnar deviation; each was described as a percentage of the unaffected side. Grip strength. This was measured using a JAMAR Delux Hand Dynamometer, Model 0030J4 (Therapeutic Equipment Corporation, Clifton, New Jersey). [11] [12] [13] [14] In accordance with the guidelines for the use of this device, issued by the American Society for Surgery of the Hand, the second grip handle was used for all patients. The mean of three successive readings was taken for each hand and recorded as a percentage of the unaffected side. 15, 16 Each patient was examined at a similar time of the day at each assessment in order to minimise the effects of diurnal variation. The grip strength of the non-dominant hand was adjusted by 10% for analysis.
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Functional assessment. We assessed this using a scoring system devised to assess the activities of daily living. 17 The results were scored according to the degree of difficulty in carrying out these activities and the scores were converted into percentages of the unaffected side for analysis. Radiological measurements. This was made by the assessor after the initial examination of the patient. Standard anteroposterior and lateral radiographs were taken before and after reduction of the fracture and on removal of the cast. Dorsal angulation, radial shift and radial shortening were measured at these three stages. 18, 19 These radiological features have been shown to be closely related to long-term function. 20 All measurements were compared with the unaffected side. Fractures were then classified according to displacement. Undisplaced or minimally displaced fractures showed 9° or less of dorsal angulation and 2 mm or less of radial shortening. Displaced fractures showed dorsal angulation of 10° or more or 3 mm or more of radial shortening. The position of the fracture was recorded before reduction and at the completion of immobilisation. The AO system 21 was used to classify the fractures (Fig. 1) . Quality of life. This was assessed subjectively, in regard to physical and mental health, at the initial assessment and at six months using the UK version of the SF-36 developed by the Medical Outcomes Study in the USA.
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Treatment regimes. Home exercises were taught to all patients by the physiotherapist in the fracture clinic following a routine already in general use at our hospital. Patients were encouraged to carry out these exercises three times every day until they were happy with the function of their wrist and hand. Physiotherapy was arranged at each patient's local hospital or clinic, supervised by a qualified state registered physiotherapist. On completion of treatment physiotherapists were asked to record the number, length and types of treatment and any complications experienced by the patients. These records were kept secure until the final analysis. Patients were discharged from physiotherapy at the discretion of the physiotherapist when it was felt that they were no longer improving. Different combinations of active exercises, passive accessory movements and stretches, strengthening and functional exercises were given at each treatment centre. After their six-month assessment comparative analyses were carried out on the two groups. Statistical analysis. Analysis of covariance (ANCOVA) was used to obtain sufficient power to assess the effect of physiotherapy on outcome at three and six months, using the baseline (six-week) assessment as the covariate. This allowed the comparison of estimated marginal means. Dif- ferences between the estimated marginal means and 95% confidence intervals were calculated for each time period (SPSS 8.0 for Windows; SPSS, Chicago, Illinois).
An outcome score for each parameter, weighted by the standard deviation of the measurements, was calculated for each patient. This score combined the range of flexion, extension, pronation, supination and radial and ulnar deviation with the patient's JAMAR grip and functional outcome score. Totals were added together to give each individual a total outcome score (TOS) at three and six months. At six months this continuous score ranged from -6.5 (the worst outcome) to 4.7 (the best outcome).
Forward stepwise regression was carried out using the TOS (SPSS 8.0 for Windows). This demonstrated the association between outcome and potential predictors of outcome. A pilot study was performed to calculate the minimum sample size needed to obtain 90% power to detect a difference between the two groups at the 5% level. A difference of 2.5 units or 22% of the combined TOS, was considered to be clinically relevant. To demonstrate this difference 22 patients were needed in each study group. Since the trial was pragmatic in design, patients were analysed by intention to treat.
Results
Six patients withdrew from the study before the threemonth stage, two from group 1 and four from group 2. Preliminary analysis indicated that sufficient numbers of patients had been recruited and therefore only 66 were followed up at six months (group 1, 34; group 2, 32). Comparisons of withdrawals before the three-month assessment are shown in Table I . The median number of physiotherapy treatments was three (1 to 22).
All measurements of outcome examined such as pain, flexion/extension, radio-ulnar deviation, pronation/supination, JAMAR grip strength and functional scores, improved significantly over the time period. When the outcomes were compared between the two groups using ANCOVA (Table  II) and Mann-Whitney U tests (Table III) , only flexion/ extension at 26 weeks was significantly better in group 1 (p = 0.001) (Fig. 2) . Figure 3 shows the distribution of the TOS data. Indicators of poor outcome at three and six months were malunion of the fracture, decreased functional scores and limited rotation at the six-week assessment. The clinical parameters which contributed to the TOS were then removed from the model (i.e. ROM, JAMAR and functional score). Poor outcome was predicted by malunion, a high level of pain at six weeks, the severity of the initial displacement of the fracture and limitation of wrist and hand function before injury. Data on 50 patients were analysed for quality of life (SF-36 questionnaire). All domains of health improved significantly over the six-month time period, particularly the 'role physical' and 'bodily pain'. There were, however, no significant differences in any of the measured parameters between the two groups when compared, using ANCOVA. Informal investigation of the 'at risk patients' identified by the multivariate analysis was then undertaken in order to formulate new hypotheses for future studies.
Significant displacement was observed in 40 patients and malunion was seen in 35 at six weeks. Between the groups, comparisons using ANCOVA showed that the physiotherapy group had significantly better flexion/extension at six months (p = 0.044). There were no significant differences for the other parameters measured. Patients with a score less than the mean value of pronation/supination at the six-week assessment (83% of the unaffected side) were identified. The mean TOS of the two groups were compared using Student's t-tests at the three-and six-month reviews. There were no significant differences between the two groups. Our study was too small to examine the effect of the type of fracture (AO classification) on outcome. All statistical tests carried out were non-significant and the type of fracture did not act as a predictor in the multivariate analysis.
Discussion
The treatment of patients presented in our study is standard in most orthopaedic outpatient departments. 23 Most of the fractures (93%) seen were divided between AO types A (53%) and C (40%), the most common type of fracture being the A3.2 (extra-articular with metaphyseal comminution). Our pilot study indicated that age was most strongly linked with poor outcome and that the older woman, of limited physical ability and poor bone stock, appeared to be particularly at risk. The results of the larger study show that although all patients improved over time in terms of functional outcome including ROM and grip strength, only flexion and extension improved significantly with physiotherapy. This was confirmed both by ANCOVA and by direct comparative statistics of the two groups. There is no significant correlation between flexion and extension and the patients' functional scores. Therefore we can presume that it is not a clinically relevant measurement of function. Quality of life was measured using the SF-36 questionnaire before and after physiotherapy. As there was no significant difference in SF-36 scores between the two groups at six months, we can also presume that a course of physiotherapy did not directly influence the wellbeing of this group of patients. The course of physiotherapy had no proven effect on the rate or quality of recovery after an uncomplicated fracture of the distal radius. This supports earlier studies 3-5 which showed that home exercises given by a physiotherapist soon after the period of immobilisation, are equally effective in restoring function. Many patients are currently being Distribution of data for TOS for both groups at three and six months. referred unnecessarily for physiotherapy, expending valuable time and effort by both the physiotherapist and patient.
In order to identify the group of patients at risk of poor outcome, multivariate analysis showed that a patient over 55 years of age presenting with malunion at six weeks after a displaced fracture, with a history of functional impairment before the injury, is at high risk of poor outcome. A high level of pain, reduced rotation of the forearm and a reluctance to use the wrist and hand for functional activities also carry a poor prognosis.
It was impossible formally to evaluate the effect of physiotherapy in these 'at-risk' patients because of the small size of the subgroups; until proven otherwise a course of physiotherapy should still be offered to these patients.
In order to make useful comparisons between groups, all the modalities examined were standardised by expressing the degree of dysfunction as a percentage of the uninjured contralateral limb. This minimises the variation within groups, which may often be considerably affected by a single individual and, in addition, gives a measure of return to normality for any one patient since each patient acts as his own control. ANCOVA was used in the direct comparison of the two groups since this method takes into account the widespread variation in baseline measurements between patients, as well as examining improvement in performance.
